Synthesis and properties of eco-friendly novolac phenolic resin from liquefied coir husk / Nor Mazlina Abdul Wahab … [et al.] by Abdul Wahab, Nor Mazlina et al.
SYNTHESIS AND PROPERTIES OF ECO-FRIENDLY NOVOLAC PHENOLIC RESIN 
FROM LIQUEFIED COIR HUSK 
RESEARCH MANAGEMENT INSTITUTE (RMI) 
UNIVERSITI TEKNOLOGI MARA 
40450 SHAH ALAM, SELANGOR 
MALAYSIA 
BY: 
NOR MAZLINA ABDUL WAHAB 
DALINA SAMSUDIN 
NOOR AISHATUN MAJID 
PM DR MOHD AZLAN MOHD ISHAK 
PM DR RUSLI DAIK 
FEBRUARY 2016 
Contents 
1. Letter of Report Submission iii 
2. Letter of Offer (Research Grant) iv 
3. Acknowledgements vi 
4. Enhanced Research Title and Objectives vii 
5. Report . 
5.1 Proposed Executive Summary 
5.2 Enhanced Executive Summary 2 
5.3 Introduction 3 
5.4 Brief Literature Review 6 
5.5 Methodology 8 
5.6 Results and Discussion 12 
5.7 Conclusion and Recommendations 24 
5.8 References/ Bibliography 26 
6. Research Outcomes 29 
7. Appendix 30 
V 
5.2 Enhanced Executive Summary 
Coconut Coir Husk (CCH) is a potentially outstanding fiber due to its high 
lignin content comparable to other types of natural fibers. The lignin was extracted by 
Klason lignin method and obtained 38.1% lignin. The obtained lignin was then used 
as feedstock in synthesized phenolic resin called Phenolated CCH. In order to study 
the free phenol and phenol conversion in the resinification process, the CCH with 
varies loading (3%, 5% and 7%) were studied. Thermal analysis also was carried out 
in order to identify the thermal properties of the CCH and the extracted lignin. Fourier 
transform infra-red (FTIR) was use to confirmed extracted lignin by identification of 
important peaks of phenolic structure present in the lignin. The important peaks were 
phenolic and methylol at 3378 cm-1,3350 cm-1 , aromatic C=C stretch at 1611 cm-1 , 
1610 cm-1 and adjacent 5H phenol at 613 cm-1, 596 cm-1. 
Meanwhile, the free phenol and phenol conversion were calculated by using 
High performance Liquid Chromatography (HPLC). The results found that calculated 
free phenol in conventional novolac resin shows the lowest percentage i.e 0.39 % as 
compared to Phenolated CCH that have 5.49, 4.78 and 4.71 % of free phenol at 3, 5 
and 7% CCH loading, respectively. Meanwhile, phenol conversion for conventional 
novolac resin sample shows that there are 99.61 % of phenol converted into novolac 
resin, whereas phenol conversion for Phenolated CCH at 3, 5 and 7 % CCH are 
94.51, 95.22 and 95.28 %, respectively. As to identify the thermal properties, 
Differential Scanning Calorimetry (DSC) and Thermogravimetry (TGA) were used in 
this studied. The extracted lignin showed thermally more stable than CCH due to 
removal of cellulose from the CCH fiber and also had potential to use as filler for fire 
retardant material. 
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5.3 Introduction 
With an environmental concern, renewable and sustainable materials should 
be considered to substitute petroleum based product. Recently, biomass from natural 
biomass fiber such as wood had been studied extensively in order to minimize the 
usage of petroleum based (Pan et al., 2007; Pan et al., 2008; Pan et al., 2009; Van 
Dam et al., 2004). However, Min et al., (2011) reported that the residue content 
developed by degraded of cellulose in wood at 150°C adversely effect the quality of 
product. Therefore, the other natural biomass fiber such as coconut coir husk (CCH) 
from coconut fruit can be an alternative as feedstock for the synthesis of new 
environmentally friendly or green polymers. 
Coconut trees (Cocos nucifera L.) grew abundantly in tropical areas and are 
widely known for their important usage based on their different parts (Abdul Khalil et 
al., 2006). Coir fibre is obtained from the outer layer of the coconut fruit which is 
called husk, with composition of 59% lignin, 33% cellulose and 8% hemicelluloses 
(Luong et al., 2012 & Jin et al., 2011). The husk is easy to get and low in cost. In 
Arau, the villagers burn the coconut husk for smoke to repel mosquitoes, but in 
industry and commercialization, it is widely used in the production of ropes, mats and 
brushes. The composition of lignin in CCH was higher than wood source which 
contain 12-39% (Justiz-Smith et al., 2008). The thermal stability of cellulose fiber in 
CCH was 215 °C (Fahma et al., 2010 & Mothe & De-Miranda, 2009) and the lignin 
decomposition starting at 380 °C. 
There are various applications of phenolformladehyde resin. First, it can be 
used in resin form as a bonding agent. Then, the liquid resin can be dried and ground 
to form a molding powder. This molding powder is usually used in molding electrical 
fittings (Wei et al., 2007). The fast development in the plastic industry may have a 
serious impact on petroleum usage as a precursor. Since phenolic resins use phenol 
as a precursor in their formulation, it makes the phenolic resins expensive. 
Alternatively, the phenol can be possibly replaced by lignin since its structure is quite 
similar with that of phenol. Thus, lignin has been studied as a substitute for phenol in 
the synthesis of phenol-formaldehyde (Pan et al., 2007) 
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